Abstract: The genetic improvement of rice through mutation induction to obtain drought resistance is essential for stable and adequate rice production would enable us to anticipate the rice yield-reducing effects of global warming. The aim of this research was to evaluate the rice mutant lines showing tolerance to drought condition and their genetic relationship using SSR markers. Mutant lines were obtained by irradiation of Mira-1 rice variety at primordial state by 25 and 50 Gy doses. Twenty numbers of M4 rice mutant lines, cv. Mira-1 as wild type, cv. Gajah mungkur as positive control and cv. IR64 as negative control were chosen in this study were planted in PVC cylinders in the green house. The result showed that the agronomic trait of rice mutant lines were better than their wild type. Root length of 17 number of mutant lines are longer than their wild type and Gajah mungkur, the longest root obtain was 71.5 cm on 7J4 rice mutant line compared to Mira-1 only which was 25 cm. The number of lateral roots and seeds content per panicle higher than their wild type and positive control. Based on SSR marker linked to root depth, DRO1 showed that 12 numbers of mutant lines polymorphic and changing of genetic of mutant lines which was indicating the mutant lines were tolerant to drought compared to their wild type. The molecular information of rice mutant lines is essential for further development of a new superior variety of rice, which would be an improvement of the variety already existed.
Introduction
Rice (Oryza sativa L.) is a staple food for more than half population in the world (Krupa et al., 2017; Singh et al., 2016) and staple food for Indonesians (Widyanti et al., 2014) . In Indonesia, rice cultivation covered a total of around 9 million hectares throughout the archipelago, primarily on irrigated system (Aryanti, 2016) However, the transfer of agricultural land to non productive area has been going on since the last decade, making it limitation of irrigated rice (Panuju et al., 2013) . The expansion of rice cultivation to dry area is a very appropriate choice, because Indonesia has 148 million hectares of dry land (Adie and Krisnawati, 2014) , therefore it is necessary to create new drought tolerance rice varieties. Until now, low progress of research in creating new cultivar of rice showing tolerance to drought. The strategy for the genetic improvement related to drought tolerance rice is very importance for new cultivar. One of strategy is the use of gamma rays for breeding programme in order to obtain superior allele in rice genome. Appropriate number of cultivars related to drought tolerance would control balance of supply and demand for food (Shereen et al., 2009; Suprasanna et al., 2014) . Untill now, production of drought-resistance rice is very low, which could not contribute for improving of rice at a level of national production. To obtain superior varieties with high productivity and tolerance to drought prone some efforts have been conducted. In rice, multiple mutant collection has been established in diversed genetic background (Li et al., 2017; Wang et al., 2013; Wei et al., 2013) .
Mutation induction by gamma rays have been contributed for improving of crops (Ichitani et al., 2014; Parry et al., 2009; Oladosu et al., 2016; Mustikarini et al., 2016) , this technique has played an influential role in increasing the world food security. Since new food crop varieties embedded with various induced mutations have contributed to the significant increase of crop production. People could directly access and more easily observable traits could be created (Cieslak et al., 2017) . According to International Atomic Energy Agency (IAEA), more than 400 rice varieties being developed worldwide (Li et al., ■■■ 2016) and NNEA/BATAN has released 21 of new rice varieties from this technique (Aryanti et al., 2017) . Gamma rays produces Reactive Oxygen Species (ROS), which interact with DNA and cause oxidative damage such as base modifications and single/double strand breaks (Arjona and Ariza, 2009; Morita et al., 2009) . The modifications base can be deleted, inversion and substitution (Shu et al., 2011) and plants can be mutated to dwarf, pest resistant and drought tolerant plants (Ashraf, 2010) . Ahmadikhah and Marufinia (2016) mentioned that drought stress due to water deficit is a major problem of rice cultivation as a most drought-sensitive crop plant. Abiotic stresses can affect the physiological status of an organism and have adverse effects on growth, development and metabolism (Chutia and Borah, 2012) , which affects plants at various levels and stages of their life period. This abiotic stress not only affects plantwater relations through the reduction of water content, turgor and total water, but it also affects on stomatal closure, reduces transpiration and disturbs photosynthesis (Razak et al., 2013) . The negative effects of water deficit will also decreases the nutrition and metabolism of leaves and alter assimilate partitioning among the plant organs (Zain et al., 2014) . Rice varieties have differential responses to abiotic stresses because of the complexity of interactions between stress factors and various molecular, biochemical and physiological processes that affect plant growth and development (Hasanuzzaman et al., 2013) .
Mutant lines indicated tolerance to drought in a selection processes, it should be showing relationship between phenotype and genotype. Based on reports from QTL and molecular data showed that a key gene has immediate response to drought and other biotic stressed Samota et al., 2017; Borah et al., 2017; Prince et al., 2015) . The plant's phenotype showed tolerance to drought can be observed such as panicle length and fertile grains, roots length. The major focus in breeding rice for stress environment i.e., drought was on root architecture (Uga et al., 2013) . Breeding for deep rooting is a promising strategy to improve the architecture of root system in shallow-rooting rice cultivars to avoid drought stress, like DRO1, a QTL for deep rooting on chromosome 9 (Uga et al., 2013) . Many studies have suggested that a deep root system helps plants to avoid drought stress by extracting water from deep soil layers. According to Courtois et al. (2009) , a total of 103 Quantitative Trait Loci (QTLs) for root length have been reported in rice. Obara et al. (2012) , also fine-mapped qRL6.1, a QTL located on chromosome 6 and associated with root length in hydroponically grown rice seedlings has been reported.
Here we report the phenotypic character and genetic relation by SSR marker of rice mutant lines linked to drought tolerant within pipeline experiment. Molecular markers have proven to be powerful tools in the assessment of genetic variation and in the elucidation of genetic relationship or linked to trait of interest and help indirect selection of such complex traits within and among mutant lines (Mallikarjuna and Kumar 2013, Lima et al., 2015) .
The objective of this study was to evaluate alteration of the agronomic and genetic characters of rice mutant lines indicated tolerance to drought in a selection progress.
Methods

Rice Mutant Lines
Mira-1 rice variety on primordia stages were irradiated with the doses of 25 and 50 Gy in the year of 2014, it used about 200 clumps for each dose, subsequently planted in the experimental field.
Selection was performed on M2 generation, where individual M1 yields were replanted on M2 plants. Selection of mutant lines was performed in M2, which was indicating drought tolerant trait, then planted and continues planted to obtain M4 generation. A test with Polyethylene Glycol (PEG) 20% concentration was performed on 35 numbers of mutant lines. 30 Seeds per number of M4 generation of rice mutant lines placed in whole basket and soaked for 5 days and selected plants grown from this test rinsed with water and it used for this study.
PVC Tube Cultivation
To assess the variation in drought resistance among rice mutant lines, a protocol was developed based on single tiller propagation and PVC tube cultivation. Twenty numbers out of 35 of rice mutant lines grew well in 20% PEG solution, then it was planted on every 60 cm PVC pipe in green house. Observation of agronomy characters were conducted on plant height, length of flag leaves, panicle length, grains yield per panicle, number of productive tillers, root length and number of lateral roots.
Plant Genomic DNA Extraction
Young and fresh leaves of all individual rice mutant varieties and their wild type were stored at -70°C until used for DNA extraction. DNA was isolated from the frozen leaves which were grounded by mortar and pestle under liquid nitrogen. BIOSPIN Kit Plant Genomic DNA extraction from Bioer Technology Co. Ltd, China was used for extraction. Fine powder was added with 450 µL LP buffer, then mixed throughly and incubated at 65oC for 15 min. After cooling at room temperature, the solution was added with 150 µL DA buffer and mixed throughly, then incubated for 5 min in ice and spin at 12.000 rpm using spin coloumn centrifuge. The solution was then removed to 1.5 mL new tube and added with 750 µL of P binding buffer and spin again at 6000 rpm for 1 min, sediment in the coloumn was then added with 500 µL G binding buffer and centrifuge again for 30 ■■■ seconds. The sediment washed with 600 µL washing buffer, centrifuge at 10.000 rpm for 30 sec, the washing was done twice and added with 100 µL elution buffer to obtain the DNA solution.
Polymerase Chain Reaction (PCR)
PCR reactions were performed in a 25 µL reaction volume consisting of Go taq ® green master mix 12.5 µL, forward and reverse primer 1.25 µL each, nuclease free water 5 µL and 5 µL of rice DNA. PCR reaction was carried out under conditions (i) the denaturation at 94°C for 4 min, (ii) denaturation during 1 min at 94 °C, annealed for 1 min at the temperature of 55°C, extension 72°C for 2 min, extended extension 72°C for 5 min, the number of cycles were 40 cycles. After amplification, 6 µL of products was combined with 1 µL of a loading buffer and analyzed directly on 1% agarose and its running in electrophoresis for 45 min by using 100 bp DNA ladder. The markers for detection of drought tolerant genetically were DRO1, RM 212, TM 302, RM 3825 and RM 470 (Kanagaraj et al., 2010; Krupa et al., 2017) .
Results and Discussion
Identification of a drought-tolerant plant is commonly used Poly Ethylene Glycol (PEG 6000) solution, because the use of PEG (20%) can reduce water potential to -1.3 Mega Pascal (Ishak, 1999) . In this experiment used 20% PEG in a selection procedure for drought tolerance of rice mutant lines (Fig. 1) . Mutant lines grew normally and no different root characters between roots of 28H1 mutant line and root of Gajah mungkur as positive control was shown.
Grain yield, tiller number, root lenght and lateral root were used as primary parameters for drought tolerance and compared to negative and positive control. Results showed that 28H1 mutant line provided 12 tiller number and 28,5 cm lenght of root within selection medium containg 20% PEG (Table 1 ). The use of Gamma rays to hit cells target created mutation within genomic DNA and it caused alteration of genotypic structures when compared to its previous one. Alteration of genotypic structures can bee seen agronomic chatacters of mutant lines during selection process for drought tolerance. One of mutant lines i.e 20P1 produced 120 grains per panicle when compared to cv. Mira-1 as wild type (Table 1) . Mutation provided some advantages for improving agronomic characters of rice mutant line. From 20 rice mutants planted in tube pipe only 2 of mutant lines were lower than their wild type. Plant height of mutant lines of 26G1, 26N1, 30F1 and 37D3 which were 81 cm showed no significant different compared to Gajah mungkur as positive control. These indicate that they are drought tolerant. Related to drought resistant of mutant lines on dry condition, roots are crucial for the successful of mutant lines growth at limited water conditions. Roots provide essential functions including the uptake of water and nutrients for plant growth, serve a role as storage organs, anchor the plants to the soil and place of interactions with pathogenic and beneficial organisms in the rhizosphere. The longest root obtained was 71.5 cm on 7J4 mutant line which was almost three times longer than their wild type which was only 27.2 cm. Mutant lines of 2J3 and 37D3 were also significant different of their root length compared to their wild type and positive control. The mutant line of 7M1 despite having a root length similar as their wild type plant, but it has the largest number of lateral roots which caused these mutant lines have more productive tillers than their wild type. About 75% of Root Length (RL) of mutant lines were longer than their wild type. Capacity of deep root growth and large xylem diameters in deep roots may improve root acquisition of water when ample water at depth is available (Paez-Garcia et al., 2015) . Root morphology and physiology has an impact for the growth and development of plant organs. Such roots were able to transport mineral nutrients or diverse organic signaling molecules including hormones, proteins and RNAs.
The ability of roots to absorb water in dry conditions becomes a benchmark for identifying mutant line tolerant to drought. Agronomical properties like long root, solid and large diameter of the roots are used as indicator for drought tolerant. Drought-resistant rice generally has longer roots, larger root diameter than wild type and higher root penetration. Lateral roots can appear on any primary root, including embryonic and crown roots, which is initiated by local auxin transport. The higher number of lateral roots presented on Table 1 . Data showed that the 28H1 mutant line has 142 lateral roots, it was then followed by mutant lines 30F1 and 28F3 of 100 and 78 lateral roots respectively. Although mutant lines 15M1, 26C1 and 26G1 have less than lateral roots when compared to their wild plant, but these of mutant lines have more productive tillers compared to Mira-1 and Gajah mungkur rice varieties. The Lateral Root (LR) was a main component of both the tap root and fibrous root systems, it was also the most active portion of the root system in water uptake, which comprise the majority of the length and surface area of root systems (Khan et al., 2016) . According to Kao (2013) and Hsu et al. (2013) , HEME OXYGENASE-1 (HOX1) gene controlling the formation of lateral root via the production of carbon monoxide, this gene was regulated by auxin and stress related signals and they suggested that this pathway can contribute to the modulation of root architecture in response to stress. Based on the numbers of lateral roots and root length of the rice mutant lines, mutation was caused by gamma rays and lead to as drought-resistant rice traits. The size of a plant's root system was the key trait that can affect the uptake of resources from the soil and should be considered in relation to the size of the above ground of plant parts. Increased lateral root density was associated with greater nutrient and water uptake. Diameter of roots also determine plants increase of hydraulic conductance efficiency by increasing surface area that could contact with soil water, increasing root hydraulic conductivity by decreasing the apoplastic barrier of water entering the xylem (Comas et al., 2013) . It is generally acknowledged that a deeper, thicker and more branched root system with a high root to shoot ratio can enhance the tolerance of rice to water deficits (Gowda et al., 2011) . Genetic variability induced in rice through gamma rays for selecting new genotypes with improved grain rice quality and high yield potentials have been documented (Lima et al., 2015; Li et al., 2017) . Various attempts have been made in this direction by different scientists to determine the most effective mutagenic treatment for the induction of desirable traits in rice. Induced mutations certainly have played a significantly effect of genes for increasing of lateral root rice mutant lines.
The number of productive tillers was one of the criteria for increasing rice production, because from the productive tiller will come out the panicle, the more productive tillers, the higher the panicles number obtained. The number of productive Tiller (TN) of mutant lines were differ significantly from their wild type and Gajah mungkur. The higher productive tiller were found on 28H1 and 30F1 mutant lines, followed by mutant line of 20P1 which 11 productive tillers. The lowest productive tiller was found on 15L1 mutant line, it was no significant different with their wild type (Table  1) . However, this mutant line has a panicle length which was longer than the panicle length of their wild type. The agronomical selection of mutant lines were chosen by all performance of characters compared to their wild type and positive control plant of Gajah mungkur rice variety. Table 1 presented of productive tiller of mutant lines having better productive tillers than their wild type and this indicate that mutant lines grew well in dry condition. 
■■■
Panicle Length (PL) and Flag Leaf (FL) are also the criterion for selected mutant lines. The panicle length of Gajah mungkur as positive control showed the longest panicle length than all of the selected mutant lines, however, no significant difference occurred compared to 39U2 and 15M1, with PL of mutant lines 36 and 35.5 cm respectively. The panicle length of these mutant lines two times longer than their wild type and about 85 % of mutants have panicle length longer than their wild type. Rice varieties have different responses to abiotic stresses because of the complexity of interactions between stress factors and various molecular, biochemical and physiological processes that affect plant growth and development (Hasanuzzaman et al., 2013) .
Multiple studies have identified links between roots and crop productivity under drought condition (Pandey and Shukla, 2015) . Mutant lines 20M1, 28H1, 30F1 have the largest percent grain content per panicle compared to other mutant lines and their wild type and Gajah mungkur. The percentage of grain content of those mutant lines are 64.63, 57.45 and 55.36% respectively compared to their wild type which is only 42.42%. The high of grain content per panicle above their wild type is an indicator that gamma rays have affected mutation which was expressed as drought tolerant.
Performance of rice mutant lines and control plants were displayed in Fig. 2 , which was observed in green house and some roots characters of rice mutant plants taken after harvesting. The genetic effects of mutagenic treatment are either based on phenotypic data and selected genes of genomic region (Yoshihara et al., 2013; Nawaz and Shu, 2014) .
Molecular genetic tools have been adopted to characterize mutation induced by physical or chemical mutagens, which has revealed feature of induced mutations and the estimation of mutation occurred in various plants. Identification of drought tolerant of rice mutant lines by using five markers were related to roots and shoot as displayed in Fig. 3 for DRO1 and RM 212.
The results indicated the ability of markers to identify the allelic diversity and genetic variation among the studied rice genotypes. Allelic variability among mutant lines and wild type can be seen on Table 2. Figure 3 displayed that Gajah mungkur as positive control, IR64 as negative control and Mira-1 as wild type shown significant different compare to 20 numbers of mutant lines toward DRO1, where all mutant lines shown band size at 180 bp. Gene related to a root development QTL is DEEPER ROOTING 1 (DRO1) and is located at chromosome 9, which controls root growth angle and enhance deep rooting (Uga et al., 2013) . Induced mutation had affected base sequence of chromosome 9 of Mira-1 and positive to DRO1. DRO1 related to agronomical character of root lenght show that root lenght of rice mutant lines are longer than their control plants (Table 1) and can improve the trait to soil drought stress. DRO1 encodes unkown protein that is expressed in root tips, a putative auxin response element in its promoter region specifically interacted with AUXIN RESPONSE FACTOR (ARF), moreover DRO1 participates in asymmetric cell elongation in root tips (Uga et al., 2015) . DRO1 modulated root gravitopic response, likely via a modulation of epidermal cell elongation that enables roots to orientate their growth relative to the pull of gravity (Mai et al., 2014) . From the Fig. 3 shows the alleles appeared by RM 302, RM 3825 and RM 470 markers respectively. It was determined that those markers could be useful for selecting drought tolerant lines through MAS approach. Three markers used were located on chromosome 1 of rice droughtresistant. The amplicon size of all genotypes for each marker alleles varied from 85 -160 bp produced by RM 212, from 100-200 bp produced by RM 302 and 90 -230 bp produced by RM 3825. Polymorphic alleles (2) were obtained by mutant lines for those of primers, however, none polymorphic at IR64. These primers has been found to be linked with several drought resistance traits such as plant height, biomass, deep root mass, leaf drying, relative water content, osmotic adjustment, basal root thickness, tiller number and deep root to shoot ratio, grain yield and panicle length, canopy temperature in the IR20/Nootripathu RI lines (Kanagaraj et al., 2010) .
The marker RM 470 used located on chromosome 4 had association with the transpiration rate trait, stomatal conductance and relative water content of plants under stress condition. Figure 3 displayed that all control plants and wild type are negative toward this marker used together with 2J3 and 15L1 mutant lines, another 18 mutant lines shown two alleles from those of mutant lines detected, 85% of mutant lines were polymorphic to the marker used. Gamma rays is a physical mutagenic, producing free radicals from water radiolysis, free radicals is an unstable spur which would attack the chemical bonds randomly including chromosome and DNA of plants (Lee et al., 2016; Tanaka et al., 2010) . The existence of genetic differences between the parents with their mutant can be assumed that the plants have been mutated. Previous studies by Morita et al. (2009); Nawaz and Shu (2014) mutant genes showed that gamma irradiation induced mutations consisted mainly of deletion. However, Li et al. (2016) reported that Single Base Substitution (SBS) and short insertion/deletion (Indel) mutations were detected. They also report that transition found at C:G > T:A and T:A > C:G, transversion C:G > A:T; C:G > G:C, single base deletion and transversion were the most frequent mutation. Belfield et al. (2012) mentioned that more single base sequence was detected than Indels.
Different types of changes in SSRs such as band disappearance and shifted band position were observed among mutant plants compared to their wild type, it indicates that gamma rays affected base sequence of Mira-1 mutant lines. Ionizing radiations cause mutations by breaking chemical bonds in the DNA molecule, deleting a nucleotide, or substituting it with a new one (Hwang et al., 2017) Basically, transitions and transversions are the simplest kinds of base pair changes, but they may result in phenotypically visible mutations. Tanaka et al. (2010) mentioned that ionizing radiation could generate many kinds of phenotypes, it induces DNA damage relatively randomly and series mutations can be occurred (Morita et al., 2009; Pacher and Puchta, 2017) . Li et al. (2017) reported that fast-neutron mutant collection of Kitaake found 32,307 genes or 58% of all genes in the rice genome are mutated, SBS are the most variant, deletion smaller than 100 bp account nearly 90 % of all deletions. 1  2  2  2  2  9G1  1  2  2  2  2  15J4  1  2  2  2  2  15L1  1  2  2  2  0  15M1  1  2  2  2  2  20M1  1  2  2  2  2  20P1  1  2  2  2  2  26C1  1  2  2  2  2  26G1  1  0  2  2  2  26N1  1  2  2  2  2  28H1  1  2  2  2  2  28F3  1  2  2  2  2  30A1  1  2  2  2  2  30F1  1  2  2  2  2  34D1  1  2  2  2  2  37D3  1  2  2  2  2  39U2  1  2  2 According to Oladosu et al. (2016) , among the various kinds of mutational changes at the molecular level are base substitutions, a term meaning nucleotide changes that involve substitution of one base for another. This can happen through mis-pairing of the base analogue in the treated DNA during replication, leading to mutation through transitions when exchanges occur either between purines (A to G) or between pyrimidines (T to C) and transversions when purines are exchanged for pyrimidines or vice versa (A, G T, C). Another common error would be addition or deletion of a nucleotide base pair when one of the bases manages to pair with two bases or fails to pair at all. These kinds of sequence changes resulting in an alteration in the reading frame of the gene's DNA are known as frame-shift mutations. Some of the mutations occur from rearrangement of bases in the DNA. A small or large sequence of bases may be inverted as a result of chromosome breakage and reunion of the broken ends may involve different DNA molecules in a reciprocal rearrangement or in loss of a fragment.
Forward genetics works starting from traits (phenotypes) in the field to genes and is the typical approach in plant breeding, genetics and genomics studies. Plant development patterns can also be significantly altered by mutations in gene coding regions. For example, homeobox genes in plants are involved in meristem maintenance and the development of lateral organs (Shu et al., 2011) .
Conclusion
Rice at primordial state is very effective to mutation by gamma rays by low doses. Gamma rays has affected to improving of panicle length, root length, lateral root number which was related to drought tolerant. Five markers used were linked to root length, among them DRO1 was very effective for identification of drought tolerant. Mutant lines were tolerant to drought condition within phenotypic and genetic identification. The best characters found at 28H1 and 30F1 mutant lines respectively. The methods for evaluation of mutant lines by phenotypic in line with genetic, that is short way to get the target properties.
